We determined urinary concentrations of · 1 -microglobulin and albumin in 155 patients with reflux nephropathy including 72 prepubertal (48 males and 24 females) and 83 postpubertal patients (43 males and 40 females) to elucidate the effect of age and gender in the progression of renal damage. Vesicoureteral reflux was resolved in all patients at least two years before enrollment into this study. Renal scarring was diagnosed with 99m technetium dimercaptosuccinic acid renal scan. More severe renal scarring was found predominantly in male compared to female patients. Urinary · 1 -microglobulin levels were significantly lower in postpubertal female patients (mean B SD: 1.59 B 1.02 mg/g creatinine) than in prepubertal males and females (3.32 B 3.53 and 4.06 B 4, respectively; p ! 0.007 and p ! 0.002, respectively), and in postpubertal males (3.69 B 2.6; p ! 0.002) regardless of severity of renal scarring. In the patients with severe unilateral renal scarring, urinary albumin levels were significantly higher in postpubertal males (81.9 B 239.5) than in prepubertal males and postpubertal females (25.8 B 63.1 and 13.8 B 7.7, respectively; p ! 0.05 and p ! 0.05, respectively). Our results suggest that glomerular injury may develop during adolescence predominantly in male patients with severe renal scarring. In contrast, renal damage indicated by urinary · 1 -microglobulon level appears to be ameliorated in female postpubertal patients. This gender difference may be attributed to sex hormones.
Introduction
Reflux nephropathy is an important renal disease resulting in hypertension, chronic renal insufficiency, and chronic renal failure in childhood and youth [1] [2] [3] . In some patients with reflux nephropathy, renal damage progresses with increasing age even after resolution of vesicoureteral reflux [1, [3] [4] [5] . A gender difference is observed in the progression of renal damage; males with reflux nephropathy have more severe renal involvement and are more likely to reach end-stage renal failure [3, 4, [6] [7] [8] . Proteinuria is one of the critical signs for these patients who develop progression of renal damage [1] . Since an increase of urinary protein excretion indicates the presence of glomerular pathology, proteinuria is a poor prognostic feature in patients with reflux nephropathy [1, 9, 10] . · 1 -Microglobulin is a sensitive marker of renal tubular function and a useful tool to predict the progression of renal damage in patients with reflux nephropathy [9] . We found deterioration of renal function and/or an increase of urinary albumin level with age in children with reflux nephropathy who had high levels of urinary · 1 -microglobulin during the follow-up period [9] .
To elucidate the effect of age and gender on the progression of renal injury, we examined urinary · 1 -microglobulin and urinary albumin levels in male and female patients with reflux nephropathy before and after puberty. Renal scarring was estimated by 99m technetium dimercaptosuccinic acid (DMSA) renal scan.
Materials and Methods
From 1997 to 1998, a total of 155 children including 92 boys and 63 girls who had renal scarring on DMSA renal scan were enrolled from 6 centers participating in this study. Since the purpose of this study was to elucidate the effects of age and gender on the progression of renal injury, we examined 72 children (49 boys and 23 girls) with reflux nephropathy aged 6-10 years (prepubertal group), and 83 children (43 boys and 40 girls) aged 14-18 years (postpubertal group). Pubertal status was measured by Tanner staging. Most of the patients in the postpubertal group attained puberty before enrollment in this study. 146 patients (94%) including 69 prepubertal patients were investigated because of urinary tract infection, and 9 (6%) for other causes such as urinary incontinence, hydronephrosis on ultrasound examination or microhematuria. Hypertension was found in 4 prepubertal patients (systolic blood pressure: 118-140 mm Hg) and 7 postpubertal cases (120-140). We showed the side of ureters with reflux and the distribution of reflux grades at the initial investigation in table 1. Vesicoureteral reflux was treated surgically in 146 patients including 5 prepubertal cases. Reflux resolved in all cases including 9 patients managed conservatively at least 2 years before enrollment in the study. Resolution of reflux was defined as the absence of reflux on two consecutive voiding cystourethrographies performed before this study started. All examinations were performed only after the patients and/or their parents gave informed consent to participate.
Serum and spot urine samples were obtained simultaneously in the morning to determine serum creatinine, urinary · 1 -microglobu- lin, urinary albumin, and urinary creatinine levels. Urinary · 1 -microglobulion and albumin levels were measured using commercially available kits, and were expressed in mg/g creatinine to minimize the effect of diuresis. Urinalysis and/or urine culture was performed using the same spot urine samples. No urinary tract infection was detected. No febrile episode due to urinary tract infection was documented in any of the patients after resolution of reflux. Two hours after intravenous injection of DMSA, renal scans were performed using a digital camera and the data were processed with a commercially available kit. Images of postereoanterior and posterior oblique projections were recorded by a gamma camera computer system equipped with a pinhole collimator. The degree of renal scarring in each kidney was classified according to the findings on DMSA renal scans ( fig. 1 ): 'mild' denotes no more than two scarred areas; and 'severe' signifies a large scar extending over half or more of the renal cortex, or small-sized kidney. In all cases, DMSA renal scans were performed within 3 months before or after the measurement of serum and urinary markers.
Data are presented as mean B SD. Statistical analysis of the results was performed by Man-Whitney U test or Fisher's PLSD test. p ! 0.05 was considered significant. StatView for Macintosh was used for statistical analysis.
Results
We classified the severity of renal scarring in each patient enrolled in this study into three grades according to the degree of renal scarring on DMSA renal scans ( fig. 1; table 2 ). Sixty patients including 28 prepubertal children had mild scarring in unilateral or bilateral kidneys (grade 1). Ninety-two patients including 42 prepubertal children had severe renal scarring unilaterally with or without mild scarring in the contralateral kidney (grade Konda/Kakizaki/Nakai/Hayashi/ Hosokawa/Kawaguchi/Matuoka/Nonomura 2). Only 3 cases showed severe renal scarring bilaterally (grade 3), including one prepubertal case. The proportion of the renal scarring grades was exactly the same in the prepubertal and postpubertal patients (table 2). A high grade of renal scarring (grades 2 and 3) was found in 72% of male patients (66/92) and 46% of females (29/63) (table 2). The grade of renal scarring was significantly lower in the female compared with the male patients (p ! 0.007). Serum creatinine was at a normal level in all cases including three with grade 3 renal scarring. Mean B SD of serum creatinine level in the patients with grade 1 and 2 renal scarring was 0.5 B 0.3 mg/dl (range 0.3-0.7) and 0.4 B 0.1 (range 0.3-0.6) before puberty, respectively, and 0.6 B 0.2 (range 0.4-0.9) and 0.6 B 0.2 (range 0.4-1) after puberty, respectively. There was no significant difference in serum creatinine level between the patients with grade 1 and 2 renal scarring in both groups. In the patients with grade 3 renal scarring, levels of serum creatinine were 0.5 in one case before puberty, and 0.8 and 0.9 in two after puberty.
As there were only 3 patients with grade 3 renal scarring, the differences between male and female patients before and after puberty were analyzed only in those with grade 1 and 2 renal scarring (table 3). Urinary · 1 -microglobulin levels were significantly lower in postpubertal female patients (1.59 B 1.02) compared with prepubertal males and females (3.32 B 3.53 and 4.06 B 4, respectively), and with postpubertal males (3.69 B 2.6; p ! 0.007, p ! 0.002 and p ! 0.002, respectively). Although urinary albumin levels inclined to be higher in male patients before puberty (63.0 B 30.8) compared with males and females before puberty (22.2 B 53.4 and 21.3 B 18.9, respectively), and females after puberty (17.6 B 16.7), a significant difference was not observed (table 3) .
The difference between male and female patients was examined in those with grade 1 and 2 renal scarring (table 4). Urinary · 1 -microglobulin levels were significantly lower in postpubertal female patients with grade 1 renal 
Discussion
A gender difference was found in the grade of renal scarring, which was higher in male than in female patients. Furthermore, levels of urinary · 1 -microglobulin after puberty were significantly lower in female patients than in males. In the male patients, a higher level of urinary albumin was found in the cases after puberty compared with those before puberty. In contrast, no significant difference was seen in the female patients before and after puberty. These results agree with other studies that have reported a high incidence of severe renal damage in male patients with reflux nephropathy [3, 4, 6, 7] . Although renal function in the patients with chronic renal diseases tends to deteriorate faster in male than in female patients [11] [12] [13] [14] [15] , this gender difference is not found in prepubertal cases [11] . The authors of these studies suggest that sex hormones contribute to the gender difference in the progression of renal damage. In the present study, no significant gender difference was seen in urinary · 1 -microglobulin and albumin in the patients before puberty.
Konda/Kakizaki/Nakai/Hayashi/ Hosokawa/Kawaguchi/Matuoka/Nonomura Before starting this study, we expected an increase of urinary albumin and · 1 -microglobulin in postpubertal patients compared with prepubertal children because renal damage is thought to progress with age increase in patients with reflux nephropathy. In this study, however, we found significantly lower urinary · 1 -microglobulin levels in postpubertal females than in prepubertal females. Urinary albumin levels were inclined to be higher in postpubertal than in prepubertal male patients and a significant difference was found between the males with grade 2 renal scarring before and after puberty. In contrast, female patients before and after puberty had similar urinary albumin levels. These results imply that glomerular injury progresses during adolescence predominantly in male patients.
Although this study is not a prospective survey of renal function, our findings suggest that renal function in female patients with reflux nephropathy may rarely deteriorate with age increase, but rather ameliorates after puberty. In contrast, glomerular injury is inclined to progress after puberty in male patients. Sex hormones may influence the evolution of renal damage in the patients with reflux nephropathy as in other renal diseases [11, 12, 15] . The renin-angiotensin system (RAS) is one of the principal factors that promote renal disease progression [16] . Expression of renin is upregulated in the scarred kidneys secondary to urinary tract diseases [17] . Estrogen can interfere with the vascular response to angiotensin II and blunt the increase of intraglomerular pressure induced by angiotensin II [18] . In addition to hemodynamic effects, angiotensin II can modulate both synthetic and degradation processes of extracellular matrix through the modulation of fibrogenic cytokines including transforming growth factor-ß and platelet-derived growth factor [16] . Interleukin 6 is one of several critical factors that exacerbate tubulointerstitial injury in a variety of renal diseases including reflux nephropathy [19, 20] . Estrogen can inhibit the production of interleukin 6 by bone marrow-derived stromal cells and osteoblasts, although it is not clear whether estrogen affects the production of interleukin 6 by the kidneys [21] . We suggest that estrogen may show its beneficial effect on the prevention of renal disease progression in part through the regulation of RAS and the production of cytokines. In an on-going follow-up study, we continue to monitor the renal function of the 72 patients with reflux nephropathy before puberty enrolled in the present study, to prove or disprove our hypothesis that renal damage progresses with increasing age predominantly in male patients, while renal function does not deteriorate, but even improves, after puberty in female patients.
